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57 ABSTRACT

A light-emitting diode (LED) packaging structure is pro-
vided, which includes a LED stacked layer, a first silicon
substrate and a second silicon substrate. The first and second
silicon substrates are respectively disposed on two opposite
surfaces ofthe LED stacked layer. The first and second silicon
substrates respectively have at least one first hollow portion
and at least one second hollow portion, so as to expose the
surfaces of a portion of the LED stacked layer. Light emitted
by a light-emitting layer may go out through the first and
second hollow portions. A method for manufacturing the
LED packaging structure is also provided.

11 Claims, 7 Drawing Sheets
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LED PACKAGING STRUCTURE AND
METHOD FOR MANUFACTURING THE
SAME

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Serial Number 102131589, filed Sep. 2, 2013, which is herein
incorporated by reference.

BACKGROUND

1. Field of Invention

The present disclosure relates to a light-emitting diode
(LED) packaging structure, and more particularly, to a bi-
directional LED packaging structure.

2. Description of Related Art

A conventional light-emitting diode (LED) structure is
usually formed on a transparent substrate, such as a sapphire
substrate, and thus to form a LED die. The transparent sub-
strate of the LED has a reflective layer, which is used to reflect
light in the transparent substrate to the outside.

In another aspect, a typical bi-directional LED refers to at
least two LED dies connected back-to-back to emit light from
two opposite surfaces. However, the bi-directional LED tends
to have a large packaging structure volume, and methods for
manufacturing the same are complicated. As such, the bi-
directional LED is not easy to integrate with or apply in a
light-emitting device with a small volume, and production
cost of the bi-directional LED cannot be reduced.

Therefore, there is a need for a novel LED packaging
structure and a method for manufacturing the same to solve
the problems of the typical bi-directional LED packaging
structure.

SUMMARY

The present disclosure provides a light-emitting diode
(LED) packaging structure and a method for manufacturing
the same to solve problems of a conventional packaging struc-
ture and to minimize the whole LED packaging structure and
thus to increase application fields of the LED.

An aspect of the present disclosure is to provide a LED
packaging structure, which includes a LED stacked layer, a
first silicon substrate and a second silicon substrate. The LED
stacked layer sequentially includes a first type semiconductor
layer, a light-emitting layer and a second type semiconductor
layer. The first silicon substrate is disposed on the first type
semiconductor layer and electrically connected to the LED
stacked layer, in which the first silicon substrate has at least
one first hollow portion to expose a surface of a portion of the
first type semiconductor layer. The second silicon substrate is
disposed on the second type semiconductor layer and electri-
cally connected to the LED stacked layer, in which the second
silicon substrate has at least one second hollow portion to
expose a surface of a portion of the second type semiconduc-
tor layer. Light emitted by the light-emitting layer may go out
through the first and second hollow portions.

According to one embodiment of the present disclosure,
the first and second silicon substrates are conductive silicon
substrates.

According to one embodiment of the present disclosure,
the first and second type semiconductor layers in sequence
are n-type and p-type semiconductors, or p-type and n-type
semiconductors.

According to one embodiment of the present disclosure,
the LED packaging structure further includes a plurality of
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electrodes respectively electrically connected to the first sili-
con substrate and/or the second silicon substrate.

According to one embodiment of the present disclosure,
the LED packaging structure further includes a bonding layer
interposed between the first type semiconductor layer and the
first silicon substrate and/or between the second type semi-
conductor layer and the second silicon substrate.

According to one embodiment of the present disclosure,
the bonding layer includes a metal layer or a transparent
conductive layer.

According to one embodiment of the present disclosure,
the transparent conductive layer includes indium tin oxide
(ITO), indium zinc oxide (IZO), graphene or carbon nano-
tube.

According to one embodiment of the present disclosure,
the LED packaging structure further includes an encapsulant
disposed in the first and second hollow portions.

According to another embodiment of the present disclo-
sure, the encapsulant further includes a wavelength conver-
sion material.

According to further embodiment of the present disclo-
sure, the wavelength conversion material is a fluorescent
powder, dye, pigment or combination thereof.

According to one embodiment of the present disclosure,
the LED packaging structure further includes a reflective
layer disposed on sidewalls of the first and second hollow
portions.

Another aspect of the present disclosure is to provide a
method for manufacturing a LED packaging structure. The
method includes: providing a first silicon substrate and a LED
stacked layer on the first silicon substrate, and the LED
stacked layer sequentially includes a first type semiconductor
layer, a light-emitting layer and a second type semiconductor
layer; providing a second silicon substrate covering the sec-
ond type semiconductor layer of the LED stacked layer; form-
ing at least one firsthollow portion in the first silicon substrate
to expose a surface of a portion of the first type semiconductor
layer; and forming at least one second hollow portion in the
second silicon substrate to expose a surface of a portion of the
second type semiconductor layer.

According to one embodiment of the present disclosure,
the first and second silicon substrates are conductive silicon
substrates.

According to one embodiment of the present disclosure,
the first and second type semiconductor layers in sequence
are n-type and p-type semiconductors, or p-type and n-type
semiconductors.

According to one embodiment of the present disclosure,
the method further includes forming a plurality of electrodes
on the first silicon substrate and/or the second silicon sub-
strate.

According to one embodiment of the present disclosure,
the method further includes forming a bonding layer between
the first type semiconductor layer and the first silicon sub-
strate and/or between the second type semiconductor layer
and the second silicon substrate.

According to one embodiment of the present disclosure,
the bonding layer includes a metal layer or a transparent
conductive layer.

According to one embodiment of the present disclosure,
the transparent conductive layer includes ITO, IZO, graphene
or carbon nanotube.

According to one embodiment of the present disclosure,
the method further includes filling an encapsulant in the first
and second hollow portions.
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According to another embodiment of the present disclo-
sure, the encapsulant further includes a wavelength conver-
sion material.

According to further embodiment of the present disclo-
sure, the wavelength conversion material is a fluorescent
powder, dye, pigment or combination thereof.

According to one embodiment of the present disclosure,
the method further includes forming a reflective layer on
sidewalls of the first and second hollow portions.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
following detailed description of the embodiment, with ref-
erence made to the accompanying drawings as follows:

FIGS. 1A-1D are cross-sectional views of light-emitting
diode (LED) packaging structures 100a-1004 according to
various embodiments of the present disclosure;

FIG. 2 is a top view of a LED packaging structure 200
according to one embodiment of the present disclosure; and

FIGS. 3A-31 are cross-sectional views at various stages of
manufacturing a LED packaging structure 300 according to
various embodiments of the present disclosure.

DETAILED DESCRIPTION

The following embodiments are disclosed with accompa-
nying diagrams for detailed description. For illustration clar-
ity, many details of practice are explained in the following
descriptions. However, it should be understood that these
details of practice do not intend to limit the present invention.
That is, these details of practice are not necessary in parts of
embodiments of the present invention. Furthermore, for sim-
plifying the drawings, some of the conventional structures
and elements are shown with schematic illustrations.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise.

FIGS. 1A-1D are cross-sectional views of light-emitting
diode (LED) packaging structures 100a-1004 according to
various embodiments of the present disclosure. As shown in
FIG. 1A, the packaging structure 100a includes a LED
stacked layer 110, a first silicon substrate 120 and a second
silicon substrate 130.

The LED stacked layer 110 sequentially includes a first
type semiconductor layer 111, a light-emitting layer 112 and
a second type semiconductor layer 113. In one embodiment
of the present disclosure, the first type semiconductor layer
111 is an n-type semiconductor, and the second type semi-
conductor layer 113 is a p-type semiconductor. In another
embodiment of the present disclosure, the first type semicon-
ductor layer 111 is a p-type semiconductor, and the second
type semiconductor layer 113 is an n-type semiconductor.

The first silicon substrate 120 is disposed on the first type
semiconductor layer 111 and electrically connected to the
LED stacked layer 110. The first silicon substrate 120 has at
least one first hollow portion 121 to expose a surface of a
portion of the first type semiconductor layer 111. In one
embodiment of the present disclosure, the first silicon sub-
strate 120 is a conductive silicon substrate.

The second silicon substrate 130 is disposed on the second
type semiconductor layer 113 and electrically connected to
the LED stacked layer 110. The second silicon substrate 130
has at least one second hollow portion 131 to expose a surface
of a portion of the second type semiconductor layer 113. In
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one embodiment of the present disclosure, the second silicon
substrate 130 is a conductive silicon substrate.

As shown in FIG. 1A, the packaging structure 100q further
includes a plurality of electrodes 140 respectively electrically
connected to the first silicon substrate 120 and the second
silicon substrate 130. According to one embodiment of the
present disclosure, the electrodes are only electrically con-
nected to the first silicon substrate or the second silicon sub-
strate. Further, a reflective layer is included, which is dis-
posed on a sidewall 122 of the first hollow portion 121 of the
first silicon substrate 120 and a sidewall 132 of the second
hollow portion 131 of the second silicon substrate 130, so as
to enhance light extraction efficiency.

When the packaging structure 100a is connected to an
external power supply, light emitted by the light-emitting
layer 112 may go through the first type semiconductor layer
120 or the second type semiconductor layer 130 and then go
out from the first hollow portion 121 or the second hollow
portion 131.

FIG. 1B is a LED packaging structure 1006 according to
one embodiment of the present disclosure. The packaging
structure 1006 includes a LED stacked layer 110, a first
silicon substrate 120, a second silicon substrate 130 and a
plurality of electrodes 140.

As shown in FIG. 1B, the LED stacked layer 110 sequen-
tially includes a first type semiconductor layer 111, a light-
emitting layer 112 and a second type semiconductor layer
113. The first silicon substrate 120 is disposed on the first type
semiconductor layer 111 and electrically connected to the
LED stacked layer 110. The first silicon substrate 120 has at
least one first hollow portion 121 to expose a surface of a
portion of the first type semiconductor layer 111. The second
silicon substrate 130 is disposed on the second type semicon-
ductor layer 113 and electrically connected to the LED
stacked layer 110. The second silicon substrate 130 has at
least one second hollow portion 131 to expose a surface of a
portion of the second type semiconductor layer 113. The
electrodes 140 are respectively electrically connected to the
first silicon substrate 120 and the second silicon substrate
130.

The difference between the embodiment of FIG. 1B and
that of FIG. 1A is that the packaging structure 1105 of FIG.
1B further includes a bonding layer 150 interposed between
the first type semiconductor layer 111 and the first silicon
substrate 120. In one embodiment of the present disclosure,
the bonding layer is interposed between the second type semi-
conductor layer and the second silicon substrate. In another
embodiment of the present disclosure, the bonding layers are
respectively interposed between the first type semiconductor
layer and the first silicon substrate and between the second
type semiconductor layer and the second silicon substrate.
According to one embodiment of the present disclosure, the
bonding layer 150 includes a metal layer or a transparent
conductive layer, in which the transparent conductive layer
may be made of indium tin oxide (ITO), indium zinc oxide
(IZ0), graphene or carbon nanotube, but not limited thereto.

As shown in FIG. 1B, the bonding layer 150 and the first
silicon substrate 120 have a same pattern. However, in
another embodiment of the present disclosure, the bonding
layer fully covers the surface of the first type semiconductor
layer, and the first silicon substrate is disposed on the bonding
layer. A surface of a portion of the bonding layer is exposed
from the first hollow portion.

FIG. 1C is a LED packaging structure 100¢ according to
one embodiment of the present disclosure. As shown in FIG.
1C, the packaging structure 100¢ includes a LED stacked
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layer 110, a first silicon substrate 120, a second silicon sub-
strate 130, a plurality of electrodes 140 and a bonding layer
150.

As shown in FIG. 1C, the LED stacked layer 110 sequen-
tially includes a first type semiconductor layer 111, a light-
emitting layer 112 and a second type semiconductor layer
113. The first silicon substrate 120 is disposed on the first type
semiconductor layer 111 and electrically connected to the
LED stacked layer 110. The first silicon substrate 120 has at
least one first hollow portion 121 to expose a surface of a
portion of the first type semiconductor layer 111. The second
silicon substrate 130 is disposed on the second type semicon-
ductor layer 113 and electrically connected to the LED
stacked layer 110. The second silicon substrate 130 has at
least one second hollow portion 131 to expose a surface of a
portion of the second type semiconductor layer 113. The
electrodes 140 are respectively electrically connected to the
first silicon substrate 120 and the second silicon substrate
130. The bonding layer 150 is interposed between the first
silicon substrate 120 and the first type semiconductor layer
111.

The difference between the embodiment of FIG. 1C and
that of FIG. 1B is that the packaging structure 100c of FIG. 1C
further includes an encapsulant 160 disposed in the first hol-
low portion 121 and the second hollow portion 131. In one
embodiment of the present disclosure, the encapsulantis only
disposed in the first hollow portion 121 or the second hollow
portion 131. According to one embodiment of the present
disclosure, the encapsulant 160 includes a transparent pack-
aging adhesive, such as transparent silicone or transparent
plastics, but not limited thereto.

FIG. 1D is a LED packaging structure 1004 according to
one embodiment of the present disclosure. As shown in FIG.
1D, the packaging structure 1004 includes a LED stacked
layer 110, a first silicon substrate 120, a second silicon sub-
strate 130, a plurality of electrodes 140, a bonding layer 150
and an encapsulant 160'.

As shown in FIG. 1D, the LED stacked layer 110 sequen-
tially includes a first type semiconductor layer 111, a light-
emitting layer 112 and a second type semiconductor layer
113. The first silicon substrate 120 is disposed on the first type
semiconductor layer 111 and electrically connected to the
LED stacked layer 110. The first silicon substrate 120 has at
least one first hollow portion 121 to expose a surface of a
portion of the first type semiconductor layer 111. The second
silicon substrate 130 is disposed on the second type semicon-
ductor layer 113 and electrically connected to the LED
stacked layer 110. The second silicon substrate 130 has at
least one second hollow portion 131 to expose a surface of a
portion of the second type semiconductor layer 113. The
electrodes 140 are respectively electrically connected to the
first silicon substrate 120 and the second silicon substrate
130. The bonding layer 150 is interposed between the first
silicon substrate 120 and the first type semiconductor layer
111. The encapsulant 160' is disposed in the first hollow
portion 121 and the second hollow portion 131.

The difference between the embodiment of FIG. 1D and
that of FIG. 1C is that the encapsulant 160" further includes a
wavelength conversion material uniformly dispersed in the
transparent packaging adhesive. The wavelength conversion
material may be a fluorescent powder, dye, pigment or com-
bination thereof, but not limited thereto.

FIG. 2 is a top view of a LED packaging structure 200
according to one embodiment of the present disclosure. As
shown in FIG. 2, the packaging structure 200 includes a first
type semiconductor layer 211, a first silicon substrate 220 and
an electrode 240.
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The first silicon substrate 220 is disposed on the first type
semiconductor layer 211. The first silicon substrate 220 has at
least one first hollow portion 221 to expose a surface of a
portion of the first type semiconductor layer 211. The elec-
trode 240 is disposed on the first silicon substrate 220 and in
a ring structure surrounding the first hollow portion 221.
When an external power supply is connected to the electrode
240, light emitted by the light-emitting layer (not shown) may
go out through the first hollow portion 221. It is noteworthy
that the second silicon substrate (not shown) and the first
silicon substrate 220 may have the same or similar structural
features. In addition, as shown in FIG. 2, a reflective layer is
included, which is disposed on a sidewall 222 of the first
hollow portion 221 of the first silicon substrate 220, and thus
to increase light extraction efficiency.

FIGS. 3A-31 are cross-sectional views at various stages of
manufacturing a LED packaging structure 300 according to
various embodiments of the present disclosure.

As shown in FIG. 3A, a first silicon substrate 320 and a
LED stacked layer 310 disposed thereon are provided. The
LED stacked layer 310 sequentially includes a first type semi-
conductor layer 311, a light-emitting layer 312 and a second
type semiconductor layer 313. The first silicon substrate 320
is in contact with the first type semiconductor layer 311 and
electrically connected to the LED stacked layer 310. In one
embodiment of the present disclosure, the first type semicon-
ductor layer 311 and the second type semiconductor layer 313
in sequence are n-type and p-type semiconductors, or p-type
and n-type semiconductors.

Next, a second silicon substrate 330 is provided, which
covers the second type semiconductor layer 313 of the LED
stacked layer 310, as shown in FIG. 3B. In one embodiment of
the present disclosure, the first silicon substrate 320 and the
second silicon substrate 330 are conductive silicon substrates.

According to one embodiment of the present disclosure,
the method further includes forming a bonding layer between
the first type semiconductor layer and the first silicon sub-
strate and/or the second type semiconductor layer and the
second silicon substrate. As shown in FIG. 3C, a bonding
layer 340 is formed between the second type semiconductor
layer 313 and the second silicon substrate 330. In one
embodiment of the present disclosure, the bonding layer 340
includes a metal layer or a transparent conductive layer. The
transparent conductive layer includes ITO, IZO, graphene or
carbon nanotube, but not limited thereto.

As shown in FIG. 3D, which follows FIG. 3B, a second
hollow portion 331 is formed in the second silicon substrate
330 to expose a surface of a portion of the second type
semiconductor layer 313, and a plurality of electrodes 350 are
formed on the second silicon substrate 330. The method for
forming the second hollow portion 331 includes dry or wet
etching. In one embodiment of the present disclosure, a pho-
toresist is formed on a surface of a silicon substrate by a
photolithography process, and an etch process is then per-
formed to form a patterned hollow portion.

Subsequently, an encapsulant 360 may be directly filled in
the first hollow portion 331 of FIG. 3D, as shown in FIG. 3E.
The encapsulant 360 of FIG. 3E includes a transparent pack-
aging adhesive, such as transparent silicone or transparent
plastics, but not limited thereto. In one embodiment of the
present disclosure, the method for filling the encapsulant 360
includes coating or dispensing.

The difference between the embodiment of FIG. 3F and
that of FIG. 3E is that the encapsulant 360' of FIG. 3F further
includes a wavelength conversion material uniformly dis-
persed in the transparent packaging adhesive. The wave-
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length conversion material may be a fluorescent powder, dye,
pigment or combination thereof, but not limited thereto.

Furthermore, as shown in FIG. 3G, which follows FIG. 3D,
at least one first hollow portion 321 is formed in the first
silicon substrate 320 to expose a surface of a portion of the
first type semiconductor layer 311, and a plurality of elec-
trodes 350 are formed on the first silicon substrate 320, so as
to form the LED packaging structure. Forming the first hol-
low portion 321 is conducted by an etch process. As shown in
FIG. 3G, areflective layer is included, which is disposed on a
sidewall 322 of the first hollow portion 321 of the first silicon
substrate 320 and a sidewall 332 of the second hollow portion
331 of'the second silicon substrate 330, so as to increase light
extraction efficiency.

The difference between the embodiment of FIG. 3H and
that of FIG. 3G is that the packaging structure of FIG. 3H
further includes filling an encapsulant 360" in the first hollow
portion 321 and the second hollow portion 331 of FIG. 3G. In
the embodiment, the color of the light emitted adjacent to the
first silicon substrate 320 is the same as that emitted adjacent
to the second silicon substrate 330, such that it can be applied
in a monochromatic LED light-emitting device. The encap-
sulant 360' includes a wavelength conversion material uni-
formly dispersed in the transparent packaging adhesive. The
wavelength conversion material may be a fluorescent powder,
dye, pigment or combination thereof, but not limited thereto.

In another embodiment of the present disclosure, the
encapsulant 360' may be filled in the first hollow portion 321
of FIG. 3G, and the encapsulant 360 may be filled in the
second hollow portion 331 of FIG. 3G, as shown in FIG. 31.
The encapsulant 360 is composed of a transparent packaging
adhesive, and the encapsulant 360' includes a wavelength
conversion material dispersed in the transparent packaging
adhesive. In the embodiment, the color of the light emitted
adjacent to the first silicon substrate 320 is different from that
emitted adjacent to the second silicon substrate 330, such that
it can be applied in a polychromatic LED light-emitting
device.

In the embodiments of the present disclosure, the LED
packaging structure has at least two hollow portions disposed
on opposite sides, such that it can emit bi-directional light.
Moreover, the bi-directional LED provided by the embodi-
ments of the present disclosure emits light by only the LED
stacked layer. The LED stacked layer and two conductive
silicon substrates positioned on opposite sides thereof con-
struct the LED packaging structure. Accordingly, the pack-
aging structure provided by the embodiments of the present
disclosure has a smaller packaging structure volume and thus
can be applied in various types of light-emitting devices.

Although the present invention has been described in con-
siderable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the spirit
and scope of the appended claims should not be limited to the
description of the embodiments contained herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims.
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What is claimed is:

1. A light-emitting diode (LED) packaging structure, com-
prising:

a LED stacked layer comprising a first type semiconductor
layer, a second type semiconductor layer beneath the
first type semiconductor layer and a light-emitting layer
between the first type semiconductor layer and the sec-
ond type semiconductor layer;

a first silicon substrate disposed on the first type semicon-
ductor layer and electrically connected to the LED
stacked layer, wherein the first silicon substrate has at
least one first hollow portion through the first silicon
substrate to expose a surface of a portion of the first type
semiconductor layer; and

a second silicon substrate disposed beneath the second type
semiconductor layer and electrically connected to the
LED stacked layer, wherein the second silicon substrate
has at least one second hollow portion through the sec-
ond silicon substrate to expose a surface of a portion of
the second type semiconductor layer,

wherein the LED stacked layer is between the first silicon
substrate and the second silicon substrate, and light
emitted by the light-emitting layer goes out through the
first and second hollow portions.

2. The LED packaging structure of claim 1, wherein the
first and second silicon substrates are conductive silicon sub-
strates.

3. The LED packaging structure of claim 2, wherein the
first and second type semiconductor layers are n-type and
p-type semiconductors, or p-type and n-type semiconductors
respectively.

4. The LED packaging structure of claim 3, further com-
prising a plurality of electrodes respectively electrically con-
nected to the first silicon substrate and/or the second silicon
substrate.

5. The LED packaging structure of claim 1, further com-
prising a bonding layer interposed between the first type
semiconductor layer and the first silicon substrate and/or
between the second type semiconductor layer and the second
silicon substrate.

6. The LED packaging structure of claim 5, wherein the
bonding layer comprises a metal layer or a transparent con-
ductive layer.

7. The LED packaging structure of claim 6, wherein the
transparent conductive layer comprises indium tin oxide
(ITO), indium zinc oxide (IZO), graphene or carbon nano-
tube.

8. The LED packaging structure of claim 7, further com-
prising an encapsulant disposed in the first and second hollow
portions.

9. The LED packaging structure of claim 8, wherein the
encapsulant further comprises a wavelength conversion
material.

10. The LED packaging structure of claim 9, wherein the
wavelength conversion material is a fluorescent powder, dye,
pigment or combination thereof.

11. The LED packaging structure of claim 1, further com-
prising a reflective layer disposed on sidewalls of the first and
second hollow portions.
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